Hepatitis A virus (HAV) and hepatitis C virus (HCV) are both viruses with hepatotropic lifestyles. HAV induces an acute infection that results in the elimination of the virus by the host whereas HCV is typically able to establish a persistent infection that may result in cirrhosis and hepatocellular carcinoma. The mechanisms responsible for this difference are unknown. However, given HAV and HCV are both non-cytophatic viruses, the observed symptoms and liver injury during the infections are the result of specific immune responses under the control of cytokines. Thus, the production of cytokines during hepatotropic viral infections may constitute a mechanism leading to different outcomes. Therefore, understanding the differences in the cytokine patterns induced in response to HAV and HCV is likely to provide important insights into the cytokine-mediated mechanisms underlying the long-term persistence of HCV, the broad spectrum of clinical manifestations induced by HAV and the resolution of HAV infection during the acute phase. Herein, we focus on discoveries that hold promise in identifying cytokines as therapeutic targets for the treatment of viral hepatitis.
INTRODUCTION
Hepatitis A virus (HAV) and hepatitis C virus (HCV) are hepatotropic, non-cytopathic viruses that induce inflammatory liver disease. Over the last several years, research efforts have focused on HCV because it causes frequent chronic infections that may result in cirrhosis and hepatocellular carcinoma development. HAV causes only acute hepatitis and is not associated with chronic liver disease. The incidence of hepatitis A has fallen since the introduction of vaccines. However, HAV remains the primary cause of viral hepatitis in pediatric patients through the world [1] and may cause dramatic disease outbreaks. In addition, HAV isolated from adult patients with severe cases of fulminant hepatitis with fatal outcomes has been reported [2] [3] [4] [5] [6] .
An infection with a hepatotropic virus activates the immune system so that it can defend the host. The immune response involves a broad range of cells and molecular components, which include the specific production of cytokines by immune and liver cells. HCV successfully evades the immune response in 60% -80% of cases, resulting in chronic liver disease. Conversely, the immune response to HAV is robust and extremely effective in eliminating the virus and results in a naturally acute disease that in most cases resolves spontaneously [6, 7] .
Currently, it is accepted that cytokines are key components of efficient immune responses and play a significant role during viral infections [8, 9] . Given both, HAV and HCV are non-cytophatic viruses, meaning that the viruses do not by themselves cause hepatocyte damage; instead, it is the immune response that is responsible for the observed symptoms and liver injury. It may be plausible that differences in cytokine profiles during HAV and HCV infections dictate the distinct outcomes observed during the infections.
IMMUNE RESPONSE DURING HEPATIC VIRAL INFECTION
Multiple mechanisms to control innate and adaptive immune responses are activated as a result of hepatitis A or hepatitis C viral infections to defend the host. Virusspecific cytotoxic T lymphocytes and helper CD4 T cells * Corresponding author.
play key effector and regulatory roles in immune responses against hepatotropic viruses. Specific CD4 T cells are key components in the adaptive immune response because they help activate cytotoxic and humoral mechanisms. Additionally, CD4 T cells can secrete Type 1 (Th1) cytokines including interferon-gamma (IFN-γ). This favors neutrophil and macrophage recruitment and leads to an inflammatory response. Specific CD4 T cells may also release Type 1 (Th2) cytokines such as IL-10, which favor the development of humoral response and limit Th1 cytokine-mediated responses [8, 9] . Currently, it is accepted that liver damage and viral replication are mainly caused by a fail in the specific immune response, which results in the recruitment of nonspecific inflammatory infiltrates to the liver [6, 10] . The infected liver secretes chemokines such as CXCL9 and CXCL10 to promote the migration of nonspecific mononuclear cells, which result in sustained low-grade inflammation and liver injury. A positive correlation has been reported between the expression levels of CXCL9, CXCL10, their receptors and histological damage [11] [12] [13] , supporting the influence of chemokines in liver damage. In addition, cytokines such as IL-6, TNF-alpha (TNF-α), TGF-beta (TGF-β) and growth factors play a significant role in the regeneration process conducted during chronic inflammation. Moreover, hepatotropic viruses are able to block the expression of chemokine receptors associated with cellular responses to avoid the migration of cells toward the liver. Thus, inhibiting chemokines and chemokines-receptors interactions may limit nonspecific cell migration and reduce inflammation during hepatotropic viral infections [14, 15] .
HEPATITIS C VIRUS AND CYTOKINE PRODUCTION
Infection with HCV is the major cause of the chronic liver injury worldwide. Liver fibrosis is primarily due to a disproportion between the production and degradation of the extracellular matrix as a result of hepatocyte necrosis, mainly mediated by inflammation. Liver fibrosis is characterized by the release of cytokines, such as IL-6, IFN-γ, TGF-β1, platelet-derived growth factor (PDGF), TNF-α, insulin-like growth factor (IGF), hepatocyte growth factor (HGF), and IL-10 [16] [17] [18] . The relationship among specific immune response, viral clearance and inflammatory processes, is very complicated. Thus, the role of cell-mediated immune responses in hepatic fibrosis is not clear yet. However, it is known that changes in various cytokine and chemokine activities might favor viral persistence. By binding CD81, the HCVe2 protein has been shown to induce RANTES-CCL5 expression by T cells, whereas overexpressed RANTES-CCL5 binds the CCR5 receptor, which results in receptor internalization. This reduction in the levels of chemokine receptors associated with cytotoxic responses in T cells may impair the chemotaxis of these cells to the liver and allow for viral persistence [19, 20] . The primary cellular defense mechanism active during HCV infection is the synthesis of antiviral cytokines such as type I interferon (IFN α/β). Upon binding its receptor, this cytokine activates a number of intracellular mechanisms that can prevent viral replication and the spread of the virus to other liver cells. In vitro, HCV can block type I IFN induction, but this effect is not observed in vivo. Although HCV is a good inducer of IFN α/β expression, HCV seems to be unresponsive to the effects of IFN α/β The HCV NS5A protein has been shown to induce the expression of the pro-inflammatory chemokine IL-8, which is associated with IFN-α inhibition both in vitro and in vivo [21, 22] . Thus, high IL-8 levels in the presence of IFN during HCV infection may explain the effective replication of HCV in the liver despite IFN α/β induction. In addition, in vitro studies have shown that HCV structural proteins can induce IL-10 production, which eventually inhibits IL-12 production by myeloid cells. This correlates with a reduction in IL-12 reported in HCV patients and a Th1-to-Th2 shift in the immune response observed in chronic hepatitis C patients [23] . Once the virus infects the liver, the innate immune response is mounted. Immune response is mediated by the specific production of inflammatory and antiviral cytokines by macrophages, natural killer cells (NK cells) and neutrophils which release perforin, granzyme B, IFN-α and TNF-α. Simultaneously, immune cells express FasL, inducing death of infected hepatocytes [10] . Adaptive immune response against HCV is mediated by the induction of naïve T cell differentiation into virus-specific CD4 and CD8 T cells. Dendritic cells (DCs) present antigenic viral components to CD8 T and CD4 T cells. Th2 CD4 T cells induce B cells to produce antiviral antibodies, Th1 CD4 T cells secrete IFN-γ and induce the proliferation of cytotoxic CD8 cells, which represent a crucial element during viral infections through the destruction of infected cells and specific secretion of proinflammatory cytokines [16] [17] [18] (Figure 1) .
A multi-specific, strong, sustained CD4-T-cell-Th1 response is often observed during infections with hepatotropic viruses that are progressing toward resolution [18, 24] . However, when an infection becomes chronic, a weak CD4-specific response with limited type I cytokine production is observed. Inadequate activation mediated by antigen-presenting cells in the setting of Th2-Tc2 cytokine expression is also a factor that results in chronicity. Another potential mechanism of blocked type I cytokine production involves regulatory T cells. These cells can release IL-10 and TGF-β and inhibit the proliferation of T cells, either directly or through other cytokines. The presence of CD8 regulatory T cells has been demonstrated in the liver of patients with chronic hepatitis C. These cells can inhibit HCV-specific CD8 T cells via IL-10 production. Furthermore, in vitro studies have shown that NK cells from HCV-infected patients, but not those from healthy control individuals, are impaired in their capacity to activate dendritic cells due to the overproduction of TGF-β and IL-10 [25] . In addition, IFN-γ production and cytotoxic activity in response to in vitro stimulation are reduced in HCV-specific T cells [26] [27] [28] [29] [30] . This early impairment might contribute to the lower probability of viral clearance. Immune cells with regulatory functions, such as peripheral CD4 + CD25 + FOXP3 + T regulatory cells and the presence of intrahepatic CD8 + CD25 + FOXP3 + T has been recently described in HCV-infected patients 11 (Figure 1). 
THE EXQUISITE CONTROL OF CYTOKINE LEVELS DURING TYPE A VIRAL HEPATITIS INFECTION
Hepatitis A infection is typically acute in nature and is associated with extensive shedding of the virus in the feces during the 3-to 6-week incubation period. This shedding may explain the high prevalence of HAV infection in regions with low standards of sanitation, which in turns promote the transmission of the virus [31] . The adaptive immune response to HAV is robust and extremely effective in eliminating the virus. Neutralizing antibodies to the virus anti-HAV generally appear in the serum concurrent with the earliest evidence of hepatocellular injury and aminotransferase elevation. The mechanisms responsible for hepatocellular injury in individuals infected with hepatitis A are poorly characterized. However, HAV infection appears to result in a characteristic immune response different from that resulting from other hepatotropic viruses, including HCV. This difference is under the control of specific cytokine profiles and may explain why HAV infections do not cause significant liver damage and resolve during the acute stage. In general terms, during the innate immune response, HAV inhibits the expression of IFN α/β. This inhibition is mediated through the specific blocking of the IRF-3 signaling pathway by the virus and allows for an efficient infection [32] . The humoral immune response to HAV is characterized by the specific production of IgM antibodies against the VP1 viral protein and IgG antibodies against the VP1 and VP3 viral proteins [6, 33] . In contrast to the responses to most viral infections, in which CD8 T cells play a predominant role, the responses to HAV infection seem to rely on CD4 T cells, which act during the first steps of the infection and produce numerous cytokines [34, 35] . Our laboratory has recently shown that different cytokine profiles are associated with distinct clinical states induced by HAV. Minor HAVinduced hepatic injury is associated with the increased secretion of IL-8 and TGF-β, whereas intermediate liver injury is associated with increased serum levels of IL-1α, IL-6, IL-13, TNF-α and MCP-2 [36] . These changes in the cytokine profiles during HAV infection correlate with polymorphisms in the genes of cytokines, including IL-8, TNF-α and RANTES that are associated with the differential progression and severity of hepatic diseases.
INTEGRATING CYTOKINE PRODUCTION DURING HEPATITIS A VIRUS INFECTION IN FOUR STEPS
Cytokine production during HAV infection may be analyzed during four steps. The first step is the incubation period of the virus once it has been internalized through its specific receptor HAVCR1 in hepatocytes [37] [38] [39] . Interestingly, same receptor is expressed on T cell surface, where it can act as a co-stimulatory molecule called TIM-1 [40] [41] [42] . TIM-1 may be then implicated with the specific production of cytokines by T cells in response to HAV infection. When HAV begins to replicate in hepatocytes and reaches the maximum viral titer, the second step begins. During, this step the number of IgM antibodies and cytokines such as IL-22 reach their maximum levels. Th17 cells may be essential players during this step by secreting IL-22. Moreover, during this step, a reduction in the level of TGF-β secreted by T regulatory cells is observed. This reduction suggests that during this step, T effector cells are active, whereas T regulatory cells are inactive. The third step is characterized by the increased production of IgG antibodies. This increase of IgG production correlates with a reduction in the viral titer. The TGF-β levels gradually increase until the fourth step. During this last step, the virus is undetectable, and minimal levels of IL-22 are found. Thus, it is possible that during this step, T regulatory cells are active, resulting in the down-regulation of T effector functions. Finally, cytokine control during HAV infection results in viral clearance within 108 days [43] (Figure 2 ).
CYTOKINE-BASED THERAPIES
IFN-α is the only cytokine currently used for the treatment of chronic viral hepatitis. Pegylated IFN-α combined with ribavirin leads to sustained viral clearance in 50% of patients with chronic hepatitis C [22] . Ribavirin is a broad-spectrum antiviral agent used as part of combination therapies for hepatitis C. This drug has immunomodulating effects that induce type I cytokine production. Sustained viral load reductions with antiviral agents have also been observed to facilitate the recovery of specific T responses involving type I cytokine production in patients with hepatitis C. Moreover, genetic polymorphisms in cytokine genes, particularly IL-28 [44, 45] gene have Figure 2 . The cytokine production during the course of HAV infection. Once HAV is internalized through its specific receptor HAVCR1 in hepatocytes, a robust and effective immune response is induced. Neutralizing antibodies to the virus anti-HAV appear in the serum concurrent with the earliest evidence of hepatocellular injury. HAV inhibits the expression of IFN α/β and CD4 T cells which act during the first steps of the infection produce numerous cytokines. The direct interaction between HAV and its receptor on T cells surface (HAVCR1/TIM-1) transitorily inhibits T regulatory function during viremia by reducing the production of IL-10 and TGF-β and increasing IL-6 and IL-22. Reactivation of T regulatory function occurs once HAV is cleared. This results in a limited liver damage and illness resolution [6, 31, 32, 35, 43] .
been associated with viral clearance and response to the treatment. The exogenous administration of Th1 inducing cytokines such as IL-12 or antiinflammatory cytokines such as IL-10 has also been attempted as a method to reduce the severity of the intrahepatic inflammation [6] . However, such therapies remain experimental, and their effectiveness is unclear. Because acute hepatitis A is a self-limiting disease and in most cases resolves spontaneously without residual damage or sequelae and because no specific therapy is available, treatment is based on monitoring. However, severe cases require the use of therapeutic strategies that in turn will help improve health. The use of cytokines represents a potential tool for the management of acute viral infections.
REMARKS
Hepatitis A and C viruses are the major causes of virusrelated liver damage. These viruses interact differentially with the host immune system. Because the immune responses to HAV and HCV determine the amount of liver damage that results from infection, studies should be undertaken to evaluate the use of HAV-and HCV-related cytokines as susceptibility and/or resistance markers for the development of advanced liver damage. The identification of such markers could lead to early intervention with antiviral therapy for those individuals determined to be at the highest risk of developing advanced liver damage. HAV and its interactions with the immune response represent a field for future investigation. In particular, exploring the nature of these interactions may provide clues as to why this virus does not persist in the infected host, whereas HCV does. 
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